42   THE INTERNAL COMBUSTION ENGINE  [chap, n
 12.	A vessel is exhausted of air to a pressure of 12 lb. per sq. inch
abs., the pressure of the atmosphere being 15 lb. per sq. inch abs.    The
temperature of the whole being that of the atmosphere (60° F.), a cock
is opened and air allowed to rush in until the pressure is equalized.
Assuming that no heat is lost to the walls of the vessel, find the rise in
temperature of the air within it.	[Mech. Sc. Tripos, 1905.]
 13.	If a quantity of gas expands isotherm ally from pressure P0 lb,
per sq. ft., volume V0 cu. ft., to a place where the pressure and volume
become Px and V\ respectively, show that the work done in ft.-lb. is
given by
2-3026 P0V0log10 xl
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14.	A quantity of gas expands, the pressure (in lb. per sq. ft.) and
volume (cu. ft.) being connected   by the law PVn= constant.     The
initial pressure and volume being P0 and V0 and the final pressure and
volume Pj and V^ show that the work clone by the gas is
ffc.-ib.
n—l
Show also that the number of heat units received by the gas is
J	' (y- l)(n-l)
and hence show that if the curve PV'1 = constant lies below the adiabatic
curve passing through the point (P0, V0), the gas must be rejecting heat.
 15.	A pound of air at atmospheric pressure and at 20° 0. is to be
compressed adiabatically to 10 atmospheres.    Find the work done by
the pump.    The same result is arrived at by isothermal compression,
cooling the air so that it keeps at 20° C., and when the pressure readies
10 atmospheres it is heated at constant pressure.    Take the specific
heats of air as 0-238 and 0-1694.    State separately the work done upon
and by the air, and the heat taken from and given to it, all in ft.-lb.
 16.	A cartridge containing 4 lb. of air at 1,000 lb. per sq. inch (gauge
pressure) and 15° C. is placed in the chamber of a gun behind a light
frictionless piston fitting the bore of the gun.    The cartridge is per-
forated and the piston just reaches the muzzle of the gun.    Calculate
the final temperature of the air and the volume of the gun, on the
assumption that the air absorbs no heat from the walls of the gun.
[Atmospheric pressure = 14-7 lb. per sq. inch.]
[Mech. Sc. Tripos, 1912.]
 17.	A torpedo air-chamber contains initially 90 lb. of air at a pressure
of 1,700 lb. per sq. inch abs. and 15° C., and at the end of the run the
pressure is 500 lb. per sq. inch and the temperature 2° C.    How much
of the heat of the air which is left in the chamber has been abstracted
from, the sea ?	[Mech. Sc. Tripos, 1911.]
 18.	During the inflation of a balloon with hydrogen, the envelope
breaks away when only f fuU.    It rises in the air so quickly that there

